ABSTrACT. The present research was conducted to estimate the genetic trends for meat quality traits in a male broiler line. The traits analyzed were initial pH, pH at 6 h after slaughter, final pH, initial range of falling pH, final range of falling pH, lightness, redness, yellowness, weep loss, drip loss, shrink loss, and shear force. The number of observations varied between 618 and 2125 for each trait. Genetic values were obtained by restricted maximum likelihood, and the numerator relationship matrix had 107,154 animals. The genetic trends were estimated by regression of the broiler average genetic values with respect to unit of time (generations), and the average genetic trend was estimated by regression coefficients. Generally, for the traits analyzed, small genetic trends were obtained, except for drip loss and shear force, which were higher. The small magnitude of the trends found could be a consequence of the absence of selection for meat quality traits in the line analyzed. The estimates of genetic trends obtained were an indication of an improvement in the meat quality traits in the line analyzed, except for drip loss.
for development of a sire line was used. The use of carcass information for these sibs comprises a sib test program, which aids in choosing the best animals during the selection of that elite flock. Pedigree chicks were housed and raised as recommended by the company guidelines. The control of individual pedigree was made at hatching via wingbands that contained a number and the corresponding bar code with all necessary information for individual identification.
data collection
At 44 days of age, from May 2005 to March 2006, each flock of sibs was transported to the Experimental Processing Plant of the University of São Paulo (Pirassununga, SP, Brazil). The birds were submitted to a minimum of 10 h of feed withdrawal prior to slaughter. The transportation of the broilers to the processing plant lasted about 6 h. The voltage used for electric shock in the immobilization of the birds was 40 V, at 60 Hz and an average of 2 amp per bird, for 9 s. Bleeding of the birds lasted 3 min. Prior to feather removal, birds were immersed in water at 57°C for 2 min.
The identification of each animal and data collection were automatically recorded using portable terminals and bar code readers. A software program developed by Gaya et al. (2006) was used to record the identification of the individuals and to collect the meat quality data. Approximately 2200 broilers were submitted to data collection of meat quality traits.
Data from the sib test flock were all measured in the pectoralis major muscle and collected as follows.
ph measures
Initial pH (pH i ) was measured at 15 min after slaughter, pH at 6 h (pH 6 ) was measured at 6 h after slaughter and final pH (pH f ) was measured at 24 h after slaughter, all determined in the cranial-ventral portion of the muscle, using a digital pH meter. After pH i measurement, carcasses were submitted to pre-chilling by immersion in cold water at 10°C for 10 min and afterward stored in cooling chambers (0 to 2°C). Six hours after slaughter, carcasses were measured for pH 6 recording and kept under refrigeration until the next day, when they were sent to a climatized deboning room (± 15°C) and pH f was recorded. Based on these measurements, initial range of falling pH (R i ) was calculated as pH 6 less pH i , and the final range of falling pH (R f ) was calculated as pH f less pH i .
Color parameters
Color parameters were measured at 24 h after slaughter using a portable colorimeter and the lightness (L*), redness (a*) and yellowness (b*) scale from the CIELab System, with light source D 65 , observation angle of 10° and measuring cell opening of 30 mm. The measurements were recorded at three different points on the muscle, on the sample surface, considering the mean of these three points as the determined value.
which were supported in a net and enclosed in a plastic bag full of air. The samples were stored under refrigeration (0 to 2°C) and after 24 h were again weighed. The difference, in percentage, between initial and final weight corresponded to WL. DL was determined by storing muscle samples in plastic bags at 24 h after slaughter, and keeping them in a freezer at -18°C. The samples were defrosted in a refrigerator at 4°C and then weighed. The difference, in percentage, between initial and final weight corresponded to DL. SL was recorded using the same samples as for DL, which, after being defrosted and weighed, were baked in an electric oven until an internal temperature of 72°C was reached. The samples were then cooled at room temperature and again weighed. The difference, in percentage, between initial and final weight corresponded to SL.
Shear force
This trait was determined using the same samples as for SL, which, after being baked and cooled, were submitted to shear force (SF) analysis. Four parallelepipeds measuring 2 x 2 x 1 cm were removed from each sample, which were sheared by a Warner Bratzler blade. The mean of SF for the 4 parallelepipeds was considered as sample SF, given in kg. The samples were positioned perpendicular to the blade.
Statistical analysis
The data were processed at the Animal Breeding Group of the Department of Basic Sciences in the School of Animal Science and Food Engineering, São Paulo University, in Pirassununga, Brazil. Extreme values, outliers, were identified using the box-plot procedure and removed from the data set. The descriptive statistics were calculated by PROC MEANS of the Statistical Analysis System software (SAS Institute, 1999) . The genetic values were obtained by the restricted maximum likelihood method, using a full animal model and the MTDFREML software (Boldman et al., 1995) . Using this software, based on meat quality information from sib individuals, it was possible to determine the genetic values of these animals and of all their available relatives. The numerator relationship matrix had 107,154 animals. The mathematical model used in the one-trait analysis was: Y = Xb + Zu + e, in which Y is the dependent variable vector; X is the incidence matrix for fixed effects; b is the fixed effect vector; Z is the incidence matrix for random effects; u is the genetic value random vector, and e is the residual effect vector, NID (0, σ 2 ). The fixed effects (vector b) considered for pH i and pH f were flock and mating group of their parents; for pH 6 , L*, a* and DL they were flock, mating group of their parents and sex; for R i and R f they were flock, mating group of their parents and season at slaughter; for WL, SL and SF they were flock and sex, and for b* the single fixed effect considered was flock. The significance of these effects was estimated by PROC GLM of the Statistical Analysis System software (SAS Institute, 1999), and was considered to be significant (P < 0.0001). The random effect (vector u) considered was direct additive genetic effect.
Genetic trends of meat quality traits were estimated by regression of the broiler average genetic values with respect to unit of time (generations). The average genetic trend was estimated by regression coefficients, where significance was calculated by PROC GLM of the Statistical Analysis System software (SAS Institute, 1999) , and was considered to be significant (P < 0.0001). The number of generations in the pedigree file was counted by the CALGERA software (Mourão et al., 2004) , pointing to 38 generations, in which 6 were the main ones and homoge-Genetic trends in broiler neous, involving the mating of individuals from the same generation, and the others were intermediate, involving the mating of individuals from different generations. Each generation had an average of 2471.5 animals. Regression coefficients and their determination coefficients were estimated by PROC REG of the Statistical Analysis System software (SAS Institute, 1999).
rESuLTS ANd dISCuSSION
The descriptive statistics (i.e., number of observations, mean, standard deviation, coefficient of variation, and minimum and maximum values) for the traits studied are presented in Table 1 pH i = initial pH; pH 6 = pH at 6 h after slaughter; pH f = final pH; R i = initial range of falling pH; R f = final range of falling pH; L* = lightness; a* = redness; b* = yellowness; WL = weep loss; DL = drip loss; SL = shrink loss; SF = shear force.
The values of genetic trends for pH i , pH 6 and pH f were positive, i.e., +0.0003, +0.0015 and +0.0032 units, respectively (Table 2, Figures 1-3) , representing an increasing trend for these traits, which at first seems to be favorable for pH measurements because for the development of the PSE condition a tendency genetically governed of falling pH is needed.
Trait
Genetic trend Genetic trend in relation to the mean ( P < 0.0001) (%/generation) Table 2 . Genetic trend estimates (in absolute values and in percent in relation to the mean) for meat quality traits.
pH i = initial pH; pH 6 = pH at 6 h after slaughter; pH f = final pH; R i = initial range of falling pH; R f = final range of falling pH; L* = lightness; a* = redness; b* = yellowness; WL = weep loss; DL = drip loss; SL = shrink loss; SF = shear force. In the same way, the values of genetic trends obtained for a*, b* and SL were positive, i.e., +0.0058, +0.0003 and +0.0154%, respectively (Table 2, Figures 4-6 ), which may be unfavorable for SL, whereas genetically, a decrease in this trait would be interesting. For R i , R f , L*, WL, DL, and SF the values obtained for genetic trends were negative, i.e., -0.0003, -9.6620 x 10 -9 , -0.0027, -0.0007%, -0.0378% and -0.0033 kg, respectively (Table 2, Figures 7-12) , representing a tendency toward a decrease in these traits. This seems to be favorable, since for the reduction of R i and R f , in other words, smaller ranges of falling pH, can contribute to the prevention of PSE meat, because greater and faster falling pH could Genetic trends in broiler be a determinant for the development of this condition (Barbut, 1997; Fernandez et al., 2002) . Besides, the decrease in L* is associated with a lesser paleness of meat, and a decrease in WL, DL and SF is associated with better meat yields and softness (Barbut, 1993; Anadón, 2002) . Generally, for the meat quality traits analyzed, a small genetic trend was observed, at least apparently, and for DL and SF the genetic trends determined were weightier. The small magnitude of the trends observed could be a consequence of the absence of selection for meat quality traits in the line analyzed, despite that Gaya (2006) had mentioned important genetic correlation estimates among the selection criteria and some of meat quality traits in this line, which could have led to correlated responses in this context, but it did not occur.
The estimates of genetic trends obtained were an indication of an improvement in the meat quality traits in the line analyzed, except for DL. However, independent of using these traits as selection criteria, they may be constantly monitored in the selection program, since some ideal limits exist for meat quality traits, where an increase in these traits can become unfavorable. For example, a very high initial pH or very small water loss could cause a firm and dry meat (Oda et al., 2003) . Moreover, a high meat pH favors microbial growth (Sams, 1999) , which can lead to depreciation of the quality of this meat.
Another implication of this study is emphasizing the importance of the monitoring of genetic trends for economic interesting traits in a broiler breeding program, and afterward evaluating the selection program conducted and establishing the strategies to be developed.
